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further growth in various media, the germinated conidia were aseptically harvested by centrifugation (I 8 000 g for 10 min) and washed with, and resuspended in, sterile saline.
Growth of germinated conidia. Germinated conidia prepared as described above were aseptically transferred (approx. I 0 ' germinated conidia/ml) to fresh medium and incubated as described for germination of conidia. The turbidity of cultures was used as a measure of growth. Samples were withdrawn from culture vessels and homogenized in the growth medium for about 10 s with a Teflon homogenizer. The extinction of the resulting suspension was measured at 600 nm, with growth medium as reference.
Assay of ammonia, urea and glutamate. Ammonia was assayed by micro-diffusion followed by reaction with ninhydrin (Conway, 1950).
Urea was estimated by the condensation reaction with diacetylmonoxime. Urea solution (1.0 ml) was mixed with 0.5 ml hydroxylamine (0.2 %), 0.5 ml diacetyl (0.2 yo) and 1.0 ml H,S04-H3P04 mixture (I vol. conc. H,SO,: 3 vol. syrupy H3P0,). The mixture was heated at IOO "C for 45 min in the dark and estimated by measurement of the extinction at 470 nm.
Glutamate was assayed enzymically using L-glutamic dehydrogenase and 3-acetylpyridine
Measurement of uptake of L-[ U-14C]glutamate. Samples were removed from the cultures with a wide-bore 10 ml pipette, filtered under vacuum on to Whatman No. I filter paper circles (13 mm diam) and washed twice with 10 ml volumes of warm (30 "C), nitrogen-free medium. The filter disc, with sample attached, was added to a test tube containing 2 or 4 ml medium (at 30 "C and pH 63) and an appropriate concentration of radioactive compound. The mycelium was freed from the filter disc using a Rotamixer and the medium with suspended mycelium was aerated by vigorously shaking the test tube in a 30 "C water bath. Samples (0.5 ml; 0-1 to 0.5 mg dry wt) were taken with a wide-bore, I ml pipette at suitable intervals. Each sample was filtered under vacuum on to 13 mm diam Whatman No. I filter paper and washed twice with 10 ml volumes of ice-cold distilled water. The filter disc was air dried (at room temperature for 12 h), and placed in glass scintillation vials with 10 ml scintillation fluid [8 g butyl-PBD/l, dissolved in toluene-methanol (3 : I)]. Samples were counted for two 5 min periods in a Beckman Model CPM2oo scintillation counter. Under the conditions used, quenching of the radioactivity was approximately the same in every sample, and never exceeded roy0 of the total radioactivity. A large sample of the germinated conidia was weighed and dried at 105 "C to constant weight. From the wet weight to dry weight ratio of this sample the dry weights of the samples used in the assays were calculated. The amount of substrate transported by the conidia during the first 3 min of assay was calculated from the total radioactivity associated with the germinated conidia and the known specific activity of the substrate. The rate of transport was proportional to dry weight up to 1-2 mg.
RESULTS
Utilization of ammonia in preference to urea as nitrogen source
Ammonia is used in preference to urea during the germination period (Fig. ~a) . After germination on uric acid, urea could be used immediately as sole nitrogen source for further growth but ammonia prevented this (Fig. I b) . The rate of urea utilization increased sevenfold after exhaustion of ammonia from the growth medium but decreased after addition of further ammonium sulphate. Thus, ammonia prevents urea utilization during germination and also at a later stage of growth even after adaptation to growth with urea as sole nitrogen source. (a) During germination. Conidia (about 3 x 107/ml) were germinated at 30 ';C in medium containing glutamate and ammonia. (b) During growth. Conidia germinated for 12 h at 30 "C in medium with urea (60 pg N/ml) and glutamate (60 ,ug N/ml) as nitrogen sources were harvested, washed and resuspended (about 10' conidia /ml) in ammonia medium. After 3 h incubation at 30 "C glutamate was added to the medium (arrow).
Utilization of ammonia in preference to glutamate as nitrogen source During germination ammonia was used before glutamate (Fig. 2a) . By contrast, urea and glutamate were used simultaneously, and after germination on this mixture glutamate was used immediately as sole nitrogen source for further growth. When ammonia was included with glutamate during this period of further growth the rate of glutamate utilization was low (Table I) . This low rate was also observed after addition of glutamate to a culture growing on ammonia (Fig. 2b) . After exhaustion of the ammonia from the medium the rate of glutamate utilization increased to that observed when glutamate was the sole source of nitrogen for growth ( Table I) . 
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Rates of utilization of nitrogen sources
The growth rates on all nitrogen sources used in this work were the same. The rates of utilization of nitrogen sources for growth of germinated conidia are summarized in Table I . The rate of ammonia utilization was not significantly affected by the presence of urea or of glutamate in the growth medium. Ammonia, however, decreased the rates of utilization of urea and glutamate to 16% of the rates measured in its absence. Ammonia might exert its effect by inhibiting either the synthesis or the activity of membrane transport systems or of enzymes responsible for nitrogen metabolism (or both). The following results suggest that ammonia may exert at least part of its effect on glutamate utilization by affecting the transport of glutamate in A . clavatus.
Transport of L-[U-WJglutarnate by germinated conidia of A . clavatus
In all the experiments described below the transport of L-glutamate was measured using 0.1 to 0.5 mg dry wt of germinated conidia over a period of 3 min. After 3 min, more than go % of the intracellular radioactivity was found in compounds soluble in 5 % tricarboxylic acid. This result implies that less than 10 % of the glutamate was incorporated into protein during the 3 min assay period.
Use of nitrogen sources by A . clavatus
Time (h) Fig. 4 . Activity of the glutamate transport system after growth of germinated conidia on various nitrogen sources. Conidia germinated for 12 h at 30 "C in uric acid medium (75 pg N/ml) were harvested, washed, resuspended (10' germinated conidia/ml) in various growth media and incubated at 30 "C. One unit of glutamate transport activity is defined as the rate of transport of I pmol substrate/min at 30 "C and pH 6.5. Nitrogen sources of the growth media: A, glutamate (10 mM); @, ammonium sulphate ( 5 mM); A, glutamate (10 mM) plus ammonium sulphate (5 mM).
Kinetics of glutamate transport by germinated conidia. The initial rate of glutamate transport varied with the concentration of glutamate in the assay medium (Fig. 3) . The ?$phasic nature of the graphs indicate that there are two 'systems' for glutamate transport differing in their affinities for glutamate. System I has a high affinity with an apparent Km of I '33 mM and a V,, of 13'9 ,umol/g dry-wtlmin. System I1 has a low affinity for glutamate. The transport of glutamate measured at low concentrations in the experiments described below is mediated by system I. The K, value given above is an apparent Km value, because it may be determined not only by the binding of substrate to the permease but also by other rate-limiting steps in transport across the membrane and by intracellular metabolism of the substrate.
Transport of glutamate against a concentration gradient by an energy-requiring process. The pool size of glutamate (determined by enzymic assay of extracts of germinated conidia) was 27 mM in conidia germinated with uric acid and 30 mM in the same conidia grown for a further 4.5 h in glutamate medium. Thus, 1.0 mwglutamate (the concentration used in assay of transport) was transported against a concentration gradient of I : 30. This transport was greatly diminished under anaerobic conditions, did not occur at 2 "C and was 90% inhibited by 1.0 mM-azide. This inhibition-occurred in germinated conidia and also in the same conidia after growth for a further 4 or 24 h in glutamate medium.
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Activity of the glutamate permease after growth on ammonia or glutamate as nitrogen source Glutamate permease was measured in conidia, germinated with uric acid, and transferred to media in which the nitrogen source was either glutamate, ammonia or glutamate+ ammonia (Fig. 4) . After growth with glutamate alone there was an 18-fold increase in glutamate permease activity. The increase in activity was less than half this amount when ammonia was present (whether or not glutamate was also present).
DISCUSSION
Ammonia is used in preference to either urea or glutamate as nitrogen source for germination and growth of A . clavatus. This preferred utilization of ammonia may involve the system for transport of glutamate, the activity of which is reduced when germinated conidia are grown with ammonia (even in the presence of glutamate). Ammonia does not inhibit the permease when present in the assay medium; it must therefore exert its effect by inhibition from within the organism or by repression of synthesis of the permease. Both of these mechanisms have recently been shown to operate in the regulation of the acidic amino acid permease of A . nidulans (Robinson et al. I973b).
